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SUMMARY 


An investigation has been made at high subsonic speeds of the aero- 
dynamic characteristics in pitch and sideslip of a l/l4-scale model of 
the Grumman XF10F airplane with a wing sweepback angle of 42.5° • The 
longitudinal stability characteristics (with the horizontal tail fixed) 
indicate a pitch-up near the stall; however, this was somewhat alleviated 
by the addition of fins to the side of the fuselage below the horizontal 
tail. The original model configuration became directionally unstable for 
small sideslip angles at Mach numbers above 0.8; however, the instability 
was eliminated by several different modifications. 


INTRODUCTION 


The results of a free-flight test of a l/7-scale rocket-powered model 
of the Grumman XF10F-1 airplane (ref. 1) indicated the possibility of a 
deterioration of the directional stability at high subsonic speeds. There- 
fore, at the request of the Bureau of Aeronautics, Department of the Navy, 
an investigation of a l/l4-scale sting-mounted model was made in the 
Langley high-speed 7- by 10-foot tunnel to study the problem in more 
detail and to investigate means for correcting the condition. 
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The tests were designed primarily to investigate the lateral and 
directional stability characteristics of the configuration with a limited 
investigation of the longitudinal stability characteristics. The tests 
covered a Mach number range from 0.40 to 0.9^* which corresponds to a 

Reynolds number range from 2.0 x 10^ to x 10^. In order to expedite 
the issuance of the results, the data are presented with only a limited 
discussion and analysis. 


COEFFICIENTS AND SYMBOLS 


The stability system of axes used in presentation of the data, 
together with an indication of the positive forces, moments, and angles 
are presented in figure 1. All moments are referred to the center of 
gravity located at 25 A percent M.A.C. as shown in figure 2. 

C^ lift coefficient, Lift/qS 

Cj-, drag coefficient, Drag/qS 


'm 


' n 


pitching -moment coefficient. Pitching moment / qSc 
rolling-moment coefficient, Rolling moment / qSb 
yawing -moment coefficient, 
lateral-force coefficient, 

free-stream dynamic pressure, lb/sq ft 


Yawing moment / qSb 
Lateral force/qS 

n\r 2 


p mass density of air, slugs/cu ft 

V free-stream velocity, ft/sec 

S wing area, sq ft 

W/S wing loading, lb/sq ft 

b wing span, ft 

c mean aerodynamic chord, ft 


M Mach number 
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R 


a 


P 


5 


Cl 


P 


dC i 
^P 





c)C Y 

Sp 




Reynolds number, based on mean aerodynamic chord 
angle of attack, deg 
angle of sideslip, deg 
control deflection, deg 






l 

h 

e 

a 


longitudinal distance from center of gravity, parallel to 
fuselage reference line, ft 

height above fuselage reference line, ft 

angle of downwash, deg 

angle of side-wash, deg 


A aspect ratio 

A e effective aspect ratio 


V 4 


ratio of wing height (perpendicular distance from fuselage 
center line to wing chord plane, positive when wing is above 
fuselage) to maximum diameter of fuselage 
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C m . pitching -moment effectiveness of horizontal tail, per degree 

t 

it incidence of horizontal-tail assembly, deg 


MODEL AND APPARATUS 


A three-view drawing of the model as tested is shown in figure 2. 
Sketches of the modifications to the model as tested are shown in fig- 
ure 3. The model differed from the airplane in that the side air inlets 
were closed and faired into the nose of the model. There was no internal 
flow in the model. Also, the airplane has a free-floating horizontal 
tail which is controlled by. the small canard surface. The pilot's controls 
are linked to the canard through a spring tab arrangement. For the model 
used in the present investigation (in order to expedite construction), the 
horizontal tail was set at predetermined angles, which were suggested by 
the manufacturer. 

The model was constructed by the Langley model shops and was of com- 
posite construction. The wings, vertical tail, fuselage, and tail boom 
were constructed using steel cores to carry the loads and covered with 
wood, Paraplex, and Fiberglas to give the desired contour. The horizontal 
tail surfaces were cut from solid brass stock. The incidence of the sta- 
bilizer, boom, and canard surfaces was varied by the use of interchangeable 
incidence blocks while the deflection of the stabilizer flap was changed 
by bending the web-type support member at the hinge line. The horizontal- 
tail assembly was tested at two altitudes (0° and -4° angle of incidence) 
which were obtained by setting the angle of incidence of the individual 
components of the assembly as follows: 


Horizontal-tail assembly, i+ 

0° 

-4° 

Boom 

0° 

-4° nose down from model ref. line 

Stabilizer 

0° 

-4° nose down from model ref. line 

Stabilizer flap 

0° 

-4° trailing edge up from stabilizer 

Canard 

0° 

-10° nose down from boom ref. line 

Canard tab 

0° 

0° from canard 


The model was tested on the sting-type support system as shown in 
figure 4. With this support system the model can be remotely operated 
through a 28° angle range in the plane of the support strut. By utili- 
zation of couplings in the sting behind the model, the model can be rolled 
through 90 ° so that either the angle of attack a or the angle of side- 
slip p can be the remotely controlled variable. With the wings hori- 
zontal (perpendicular to the plane of the support strut), the couplings 
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can be used to support the model at angles of sideslip of 2° , -2° , and 6° 
while the model is tested through an angle-of -attack range. Forces and 
moments on the model were measured by an electric strain-gage balance 
system mounted in the model. 


TESTS AND CORRECTIONS 


The tests were made in the Langley high-speed r J- by 10-foot tunnel 
through a Mach number range from approximately 0.4-0 to 0-94- which corre- 
sponds to the test Reynolds numbers shown in figure 5* The size of the 
model used caused the tunnel to choke at a corrected Mach number of about 
0.95* The blocking corrections which were applied were determined by the 
method of reference 2. 

The jet-boundary corrections which were applied to the angle of 
attack, drag coefficients, and pitching-moment coefficients were deter- 
mined by the method of reference 3. The corrections to lateral force, 
yawing moment, and rolling moment were computed and were found to be 
negligible. The angle of attack and angle of sideslip have been corrected 
for the deflection of the balance and sting-support system under load. 

The drag data have been adjusted to correspond to a pressure at the base 
of the fuselage equal to free-stream static pressure. For this correction 
the base pressure was determined by measuring the pressure inside the fuse 
lage at a point 9 inches forward of the base. 

Tare tests were not made for this investigation but previous experi- 
ence has indicated that, for a configuration in which the vertical tail 
does not extend beyond the fuselage base, the effect of the sting support 
is negligible for all components except pitching moment and drag. For 
the configuration involved here, however, it is possible that a small 
tare to the directional stability may be present. No pitching moment 
tares were applied. However, the pitching moment tare would take the 
form of a change in trim as a result of a change in flow angle at the 
tail surface, and does not appreciably change the stability. This flow- 
angle change has been estimated to be of the order of 1° or less. No 
correction for drag tare was determined or applied to the data; however, 
experience has indicated the possibility of a drag tare which would tend 
to increase the drag values presented. 
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PRESENTATION OF RESULTS AND DISCUSSION 

The results of the investigation are presented in the following 
figures : 

Figures 

Aerodynamic characteristics in pitch: 

Basic data - 

Original configuration • • . 6 to 10 

Effect of modifications 11 to 16 

Summary data - 

Lift-curve slopes . IT 

Longitudinal stability data 18 to 23 

Pitching moment due to sideslip 24 

Drag data 25 to 30 

Aerodynamic characteristics in sideslip: 

Basic data - 

Original configuration 31 

Modifications 32 to 34 

Summary data - 

Stability derivatives , a = 0 

Low-speed and high-speed data 55 

Original configuration . 36 

Modifications .... 37 to 4 0 

Effect of stabilizer incidence ............. 39 ( a ) 

Effect of rocket booster and large ventral fin 4l 

Stability derivatives , a = -4° to 14° 42 

Effect of wing sidewash or vertical-tail efficiency ... 43 

Effective aspect ratio of vertical tail .... 44 to 45 

Center of pressure of vertical-tail contribution ..... 46 to 47 

Unsteady force characteristics of the model 48 

The following system was used in identifying the components for all 
modifications tested: 

F Fuselage alone 

WF Wing and fuselage 

WFV Wing, fuselage, and vertical tail 

FVH Fuselage, vertical tail, and horizontal tail 

FV Fuselage and vertical tail 

WFVH Complete model: Wing, fuselage, vertical tail, and horizontal 

tail 

The results are presented without detailed analysis or discussion. 
Only a few points of interest, which have come to the attention of the 
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authors during the reduction and assembly of these data, will be pre- 
sented here. 


Aerodynamic Characteristics in Pitch 

Lift characteristics .- It is of interest to note that, for the con- 
figuration, with the external stores installed (modification 12), the 
large "bucket" in the variation of lift-curve slope with Mach number 
(fig. 17) occurs at Mach numbers at which a perceptible decrease in the 
angle of attack for zero lift occurs (fig. 15). This may indicate a ten- 
dency toward choking of the flow in the channel between the pylon and the 
fuselage. 

Pitching-moment characteristics .- The Grumman XF10F airplane has a 
free-floating tail, while the model used in this investigation was tested 
with the horizontal-tail assembly at fixed incidence settings. However, 
although not exactly representative of the airplane, some general com- 
parisons concerning the longitudinal stability can be made. 

The effects of a change of horizontal-tail incidence from 0° to -4° 
were investigated and the results are presented in figure 18 for two con- 
figurations. The differences between the results for the two configura- 
tions probably are a result of difficulties experienced, in setting the 
angle of the stabilizer flap, which was bent into position, and are pro- 
bably not associated with the change of configuration. 

The variation of pitching-moment coefficient with lift coefficient 
for the basic configuration (fig. 6) indicated a sharp pitch-up tendency 
at lift coefficients approaching the stall. This pitch-up is also present 
to a lesser extent in the horizontal tail-off data of figures 7 and 8. It 
is possible that the free-floating feature of the tail on the airplane will 
have a tendency to alleviate this pitch-up. Installation of the horizontal 
fuselage fins reduced the high-lift instability (compare figs. 6 and 11). 

The pitching moment due to sideslip is presented in figure 2b. At 
small angles the change in pitching -moment coefficient is insignificant. 

At the larger angles it amounts to about 1° to 1.5° of stabilizer dis- 
placement. 

Drag characteristics .- Some difficulty was experienced during the 
routine tests in measuring the drag as accurately as desired by the regu- 
lar test procedure. Because of this difficulty, special tests were run 
with the model at zero angle of attack and measurements of the drag made 
through the Mach number range. Care was taken to establish the correct 
Mach number and the time required for a test was short so that the balance 
zero drift was minimized in obtaining minimum drag data. The results of 
these tests are presented in figures 25 and 26. It can be noted that the 
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installation of the fuselage side fins (modification 8) had little effect 
on the Mach number at which drag began to rise appreciably whereas the 
deteriorating effect of the installation of the external wing stores 
(modification 12) is readily apparent. 


The drag due to lift for the wing-fuselage at various Mach numbers 
is presented in figure 27. The deteriorating effects of Mach number are 
clearly shown, although up to about a lift coefficient of 0.2 the drag 
is about as low as predicted by theory. The increment of drag at zero 
angle of attack due to a 4° deflection of the stabilizer is presented in 
figure 28. This increment is large when compared with the expected 
induced drag due to the lift carried by the stabilizer and canard surface 
at this angle and is probably due to some bad flow characteristics in the 
juncture of the vertical tail and the horizontal tail. 


The drag of the fuselage (fig. 26) appears high. When the drag 
coefficient is based on the fuselage surface area of 4.25 square feet it 
has a value of 0.0038 at low Mach number. Results obtained on a cleaner 
fuselage design (ref. 6), when based on the fuselage surface area, indi- 
cate a drag coefficient of only 0.0025- 


The parameter 



which is important for the range of jet-propelled 


aircraft (ref. J) , is presented in figure 29 for the basic configuration. 
This parameter is particularly sensitive to small changes in minimum drag 
and therefore it was necessary, for the preparation of this figure, to 
adjust the drag data of figure 6 to the minimum drag values shown in fig- 
ure 25 ■ The range parameter .. A .. , for level flight at sea level and 

C D Wp/i 


at 40,000 feet is presented in figure 30. The advantages of cruising at 

f \Jc7 i \ 

altitude larger values of are quite apparent. 


V 




Lateral Stability Characteristics 

The investigation of the lateral stability characteristics showed 
that the basic model had low directional stability in the low Mach number 
range — becoming unstable at M = 0.80 as shown in figures 31 and 3 6. 
Figure 35 shows the complete-model data of figure 36 extended into the 
lower speed range by tests of a l/7-scale model (constructed as a rocket 
test vehicle) in the Langley 300 mph 7~ by 10-foot tunnel. In breakdown- 
tests (fig. 31) it was established that sidewash from the wing (fig. 43) 
caused a large reduction of directional stability and that the end-plate 
effect of the horizontal tail was greater than would be predicted by 
reference 9 (fig- 45) . 


CONFIDENTIAL 



NACA RM SL53G20 


CONFIDENTIAL 


9 


The result of the modification tests (figs. 32 to 34 and 37 to 40) 
showed that several of the changes would reduce the nonlinearity of the 
yawing moment through j3 = 0° and would increase the directional sta- 
bility to a satisfactory value through the Mach number range. The verti- 
cal tail end plate (modification 13 ) and fuselage side fins (modifica- 
tion 11) proved to be satisfactory modifications and could probably be 
easily installed on the airplane. It is possible that increases in Rey- 
nolds number also would increase the directional stability of the airplane 
to a more satisfactory value. 

Modifications 15 and 1 6 were tested in conjunction with the rocket- 
model test program. The large ventral fin was proposed to insure direc- 
tional stability of the rocket-powered model while studying the longi- 
tudinal stability and also to serve as a means of rotating the principal 
axis of the rocket model to correspond to that of the airplane (ref. l) . 
The model was tested in the presence of a simulated rocket booster to 
determine if there were any interference effects of the booster on the 
model at booster separation. 

Plots of the vertical-tail efficiency factor obtained by the method 
of reference 8 are presented in figure 43. The effective aspect ratios 
of the vertical tail for various configurations, obtained by the method 
of reference 9> are presented in figures 44 and 45. Figures 46 and 4 7 
show the center-of -pressure location obtained from the equations 

— - ^ P/ Vertical tail 

* = *(%) 

' p 7 Vertical tail 


and 


h 

b 


(^b) 


Vertical tail 
ertical tail 


\ 


A summary of the effects of the various modifications on directional 
stability is shown in table I. 


INFORMATION RELATIVE TO BUFFETING 


An effort has been made to obtain some information which might be of 
interest with regard to the possible buffeting characteristics of the air- 
plane. The model-induced fluctuations of the balance readings have been 
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examined and a boundary of lift coefficient and Mach number above which 
severe fluctuations were encountered is presented in figure 48. These 
fluctuations were most severe in the drag data, probably because the 
drag balance was the most sensitive. They appear to be definitely model 
induced rather than tunnel induced and are probably a reflection of flow 
separation or turbulence on the model. It would be expected, therefore, 
that this boundary would show some relationship to the lift coefficient 
at which the first departure from the linear variation of the lift curve 
occurs. This comparison is presented in figure 48. 

These fluctuations did not seriously affect the determination of 
average values of the forces at any angle of attack but are presented 
here because they may have some bearing on the buffet characteristics of 
the airplane. 


CONCLUDING REMARKS 


An investigation of the aerodynamic characteristics in pitch and 
sideslip of a l/l4-scale model of the Grumman XF1QF airplane in the swept- 
wing condition with the horizontal-tail assembly fixed indicates a pitch-up 
near the stall; however, this was somewhat alleviated by the addition of 
fins to the side of the fuselage below the horizontal tail. The original 
model configuration became directionally unstable for small sideslip 
angles at Mach numbers above 0.8; however, the instability was eliminated 
by several different modifications investigated, of which fuselage side 
fins and a vertical tail end plate may be the most practical. 
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TABLE I 

Summary of lateral stability characteristics of the complete mode I 
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TABLE I CONCLUDED 
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Figure 1.- Sketch showing positive direction of forces, moments, angles, 

and velocity. 
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Pertinent Data 



Wing 
Area sqft 
Aspect ratio 
Sweep Ify) 

Taper ratio 

Airfoil section (streomwise) 
Incidence, deg 


2290 
2990 
42.500 
0750 
64 A ( 008) 009 
O 


Vertical tail 


Area sqft 

0430 

Aspect ratio 

627 

Sweep( c /4)deg 

54433 

Taper ratio 

490 

Airfoil section fstreamwise) 

64 A -008 

Horizontal toil 
Stabilizer 

Area sqft 

0.370 

Aspect ratio 

2.000 

Sweep(L.E)deg 

63.440 

Taper ratio 

O 

Airfoil section fstreamwise) 

GAEC-005 

Canard 

Area sqft 

0030 

Aspect ratio 

2000 

Sweep(LE)deg 

63440 

Taper ratio 

0 

Airfoil section fstreamwise) 

GAEC-006 


r ”i 

. i 





Figure 2.~ l/l4- scale model of the XF10F airplane 
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Modification 5 
(Dorsal fin and straight 
base external fuselage! 


Modification 6 
( Ventral fin) 


Modification 2 

(Extended vertical tail and 
straight-base extended fuselage) 


Modification 3 

(Straight -base extended fuselage) 


Modification 4 
(Slant -base extended fuselage) 



Modification 7 
(Wing -fuselage fillet) 



Modification 8 
(Fuselage-side fins) 




(a) Basic model and modifications 1 to 9* 

Figure 3 . - Sketches of modification to l/l4-scale XF10F model 
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Modification !6 
(Modification !0 with 
rocket model booster 
simulated) 



(b) Modifications 10 to l6. 

\ 


Figure 3-- Continued 
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Modification !8 
(Modification iO with 
thick trailing-edge on 
vertical tail) 




A- A 


Modification !9 
(Modification iO with 
vertical tail trail ing-edge 
strips) 




(c) Modifications IT to 20. 
Figure 3-- Concluded. 
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Figure if-.- Model mounted on sting balance in tunnel 
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Figure 4.- Concluded, 


CONFIDENTIAL 



CONFIDENTIAL 


• $ 





Figure 5 .- Variation of Reynolds number with Mach number for tests of 
the l/lJ+- scale model of the XF10F airplane. 
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Angle of attack, a ,deg 


(a) Lift. 

Figure Aerodynamic characteristics in pitch of the basic model 

0 = 0°; i t = 0°. 
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(c) Pitching moment. 
Figure 6.- Concluded. 
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(a) Lift. 


Figure 7 .- Aerodynamic characteristics in pitch of the wing-fuselage- 
vertical tail of the basic model. (3 = 0°. 
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(c) Pitching moment. 


Figure 7«- Concluded. 
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Angle of attack, a , deg 


(a) Lift. 

Figure 8.- Aerodynamic characteristics in pitch of the wing fuselage of 

the basic model, p = 0°. 
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(t) Drag, 

Figure 8.- Continued. 


NACA RM SL53G20 CONFIDENTIAL 


® 9 


o 

Q 


H 

s 


£ 

t - 1 




(c) Pitching moment. 
Figure 8.- Concluded. 
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(a) Lift. 


Figure 9«- Aerodynamic characteristics in pitch of the fuselage alone 

p = 0°. 
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(t>) Drag, 

Figure Continued, 
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(c) Pitching moment. 
Figure 9-- Concluded, 
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(a) Lift. 

Figure 10.- Aerodynamic characteristics in pitch of the basic model. 

p = 0°; i t = -40. 
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(t>) Drag. 


Figure 10.- Continued 
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(c) Pitching moment. 


Figure 10.- Concluded. 
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(a) Lift. 

Figure 11.- Aerodynamic characteristics in pitch of the vertical-tail 
configuration with fuselage side fins (modification 8) . p = 0°; 
i+ =0°. 
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(c) Pitching moment. 
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Figure 11.- Concluded. 
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(b) Drag. 


Figure 12.- Continued. 
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(c) Pitching moment. 


Figure 12.- Concluded 
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(,"b) Drag, 


Figure 13.- Continued. 
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(c) Pitching moment. 


Figure 13.- Concluded.. 
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Figure 14.- Aerodynamic characteristics in pitch of the enlarged-vertical 
tail configuration with fuselage side fins (modification ll) . p = 0°j 

it = “^°- 
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(c) Pitching moment. 
Figure lA.- Concluded. 
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(a) Lift. 

Figure 15 ,- Aerodynamic characteristics in pitch of the enlarged-vertical 
tail configuration with fuselage side fins and wing stores (modifi- 
cation 12 ) . P = 0°; it = 0 °. 
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(b) Drag. 

Figure 15 .- Continued. 
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(c) Pitching moment. 
Figure 15*- Concluded. 
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(c) Pitching moment. 


Figure 1 6 ,- Concluded. 
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Figure 17.- Variation of the lift-curve slope for several configurations 
with Mach number and a comparison- with wing alone theory, a = 0°. 
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Figure 18.- Variation of stabilizer effectiveness with angle of attack 
for the basic and modification 11 configurations, p = 0°. 
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Figure 19 Variation of downwash angle e at the horizontal -tail 

position of the basic model. 
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Figure 20. - Variation of stabilizer position required for trim flight 
through the Mach number range for the basic and modification 11 
configurations at sea level and at an altitude of to , 000 feet, 

W/S = 60 pounds per square foot. 
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Figure 21.- Lift coefficient required for level flight through the Mach 
number range for W/S = 60 pounds per square foot at sea level and 
at an altitude of i+0 ; 000 feet. 
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Figure 22,- Variation of dc^/dc^ with Mach number for several configu- 
rations of the model, a = 0°. 
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Mach number^ M 

Figure 23. - Slope of the pitching -moment curve with angle of attack for 

the fuselage alone, a = 0°. 
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Figure 2k. - Variation of pitching moment with sideslip for the basic 

model (WFVH) . a = 0°. 
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Figure 26.- Minimum drag for various components of modification 10 con' 

figurations . a = 0° . 
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Figure 29*- Variation of the ^Cl/Cj) portion of the jet-airplane range 
parameter through the lift and Mach number range, i^ = 0°. 
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Figure 30.- Jet-airplane range parameter 


it 1 
°B fp/2 


at sea level and at 


an altitude of 40,000 feet through the Mach number range, trimmed 


flight, W/S = 60 pounds per square foot. 


NACA RM SL53G20 CONFIDENTIAL 



.90 ° 0 


.85 * 0 c 
<o 


80 ^ 0 | 


70 * O ' 


.60 o 0 § 02, 


.50 a 0^,0/ 


40 o 0 O 



.94 * O 
92 o 0 
.90 o 0 
.85 & O 
.80 ^ 0<9 

■o 

I 

.70 a 

S 

o 

.60 o £ b 


.50 ° 0 %.0I 


40 o <?tfc 0 



94 “ 0 


92 o 0 


90 Q C 


.85 & 0 


80 ^ 


70 a Co 


.60 o 


50 ° o '§■.04 


40 o 0 0 



-4 0 4 8 12 

Angle of sideslip, j3, deg 


-4 0 4 8 12 

Angle of sideslip, /3, deg 


4 0 4 8 

Angle of sideslip, /9, deg 


(a) Complete model. 


Figure 31.- Lateral characteristics of the basic model, a = 0 ; i t = 0 . 
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(b) Fuselage alone. 


Figure 51.- Continued 
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Figure 31.- Continued. 
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(d) Wing, fuselage, and vertical tail. 
Figure 31.- Continued. 
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(e) Fuselage, vertical tail, and horizontal tail. 
Figure 31*- Concluded. 
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(a) Modification 1; vertical-tail extension. 

Figure 32.- Lateral characteristics of modifications to the basic model 
(modifications 1 to 10) . a = 0°; U = 0°. 
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(b) Modification 2j vertical-tail extension with straight-base 

fuselage extension. 


Figure 32. ~ Continued. 
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(c) Modification 3j straight-base fuselage extension. 
Figure 32.- Continued. 
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(d) Modification slant-base fuselage extension. 
Figure 32.- Continued. 
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(f) Modification 6j ventral fin. 


w 


Figure 32.- Continued. 
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(g) Modification 7j wing fillet. 


Figure 52.- Continued. 
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(a) Complete model. 


Figure 33-- Lateral characteristics of modification 10. 

tail; a = 0°; i t = 0°. 
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(c) Wing, fuselage, and vertical tail. 
Figure 35*“ Continued. 


NA.CA RM SL53G20 COHFIDEMTIAL 



* ®»* « 




o 

Q 


M 

H 


1-3 


.93 o 
92 o 
.30 o 
.35 & 
.30 
.70 * 
50 n 



(d) Fuselage and vertical tail. 
Figure 53-“ Continued. 
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(e) Fuselage, vertical tail, and horizontal tail 
Figure 53*“ Concluded. 
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(b) Modification 11, fuselage side finsj a = 6°, 


Figure Jk.- Continued. 
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(e) Modification 15} vertical tail end plate} a = 0°. 
Figure Continued. 
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(f) Modification 14} vertical tail fence} a = 0° 
Figure Continued. 
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(g) Modification 15 j large ventral fin for rocket model; a 


Figure 5 4.- Continued 
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(i) Modification 17} vertical tail - horizontal tail junction tunnel 

faired and sealed, a = 0°. 


Figure 3k.~ Continued. 
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(j) Modification 18, thick trailing edge on vertical tail; a = 0°. 

Figure 3k. - Continued. 



9 9 9 ® ® m ® 

• • © 9 « 


M 

93 o O 
92 o O 
90 a O 
.85 & 0 
.80 O 


jO? 


O’ 

•fc' 


.70 4 o .§ .01 
y 
%: 

8; 

.50 □ 0 §0 


, 0 / 




S -5 .404 

Angle of sideslip, /3, deg 






E 









■ 

n 

m 

















41 









/ 




■ 

■ 





IB 

■ 

IB 

ifl 


1 

■ 

■ 



IB 

IB 

m 

Ifl 






ii 1 

IIS 

■ 

IB 

■ 

IB 

■ 




■ 

IIS 

■ 

IB 

fl 

88 

■ 

fl 



■ 

E 

■ 


■ 

m 

i! 


fl 


■ 

K5 

m 

1 IS 

fl 

B 

m 

si 

m 

■ 



m 

m 

s 

c 

■ 

» 


m 

■ 


1 

m 

m 

IS 

■ 

Bl 

m 

SI 

R 

5 — 


^Z 


A 


fl 



K 


■ 

< 


4 

f 

A 


/ 

m 

SI 

E 



-L 

/ 

c/ 


Z 


T 

-/ 

/ 


9 

/ 

A 


A 


7 


T 




z 




Z 


Z 





Z 



jL 


7 






.A 


4 


z 







f 

4 


4 










A 








A 


3 




















D 

L 












M 


12 



(k) Modification 18, thick trailing edge on vertical tail, wing removed; 


a = O'- 


Figure Jk , - Continued 
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(l) Modification 19; trailing-edge strips on vertical tail; a = 0°. 

Figure jk.- Continued. 
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(m) Modification 20, fixed transition on vertical tail; a, = 0°. 

Figure Jk.- Concluded. 
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Figure 35 •- Comparison of the directional stability characteristics o 
a l/7-scale model tested in the 300 MPH tunnel and a l/l4-scale mo 


tested in the high-speed tunnel, a = 0 
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Figure 36 .- Lateral stability 

model . 


characteri,. 


a = 0°; i-i 
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(a) Fuselage extensions. 

Figure 37.- The effects of modifications on the lateral stability char 
acteristics of the basic model with original vertical tail, a = 0 
i t = 0°. 
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(t) Dorsal fin. 


Figure 37 •- Continued. 
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(c) Ventral finj horizontal tail tip fins. 
Figure 37 *- Continued. 
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(d) Vertical tail extension. 
Figure 37 •- Continued. 
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(e) Wing fillets. 

Figure 37*- Continued. 
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(f) Vertical tail size. 
Figure 37 •- Concluded. 
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(b) Fuselage side fins. 
Figure 39-" Continued. 
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Figure 39-- Continued. 
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(g) Increased trailing edge thickness of vertical tail. 
Figure 39 - ~ Concluded. 
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Figure k2 Lateral stability characteristics of the basic model and 
modification 11 through the angle-of-attack range. Flagged symbols 
indicate data presented in figures 36 and 39( c ) • 
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Figure 43*- Variation of vertical tail efficiency factor with Mach number 
as calculated for the basic model configuration by the method of ref- 
erence 8. a = 0°. 
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Figure 1+5 * — The effect of the horizontal tail on the effective aspect 
ratio of the basic and modification 10 vertical tails, a = 0°. 
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Figure 48.- Comparison of the lift coefficient corresponding to the first 
break in the lift curve and lift coefficient above which unsteady drag 
forces were observed. 
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